EŠects of dietary protein type on lipopolysaccharide (LPS)-induced hepatitis, as assessed by plasma alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities, were investigated in D-galactosamine (GalN)-sensitized rats. The plasma ALT and AST activities in rats fed on 25z soybean protein isolate (SPI) diet were signiˆcantly suppressed to about 1 W 4 and 1 W 5 of the values in rats fed on 25% casein diet, respectively, 8 h after the injection of LPS＋GalN. Although hepatic ALT and AST activities of normal rats were also lower in the SPI group than in the casein group, this could not explain the diŠerences in plasma enzyme activities between the two groups. The hepatic glutathione concentration of normal rats was lower in the SPI group than in the casein group, but it was reversed in rats injected with drugs. The results suggest that SPI can protect animals from LPS＋GalN-induced hepatitis, and that the hepatic glutathione level may participate in the eŠects of SPI.
Lipopolysaccharide (LPS), a component of the outer membrane of Gram-negative bacteria, can cause hepatitis in rodents when it is injected in combination with D-galactosamine (GalN).
1) The LPS-induced hepatitis is thought to be mediated by tumor necrosis factor (TNF)-a, which is synthesized and released from macrophages, including KupŠer cells, the resident macrophages in the liver, in response to LPS. 2) In humans, hepatitis or liver injury is caused by viruses, chemicals, alcohol, and autoimmune diseases. TNF-a has been shown to participate in the pathogenesis of virus-, 3) alcohol-, 4) and immune-induced 5) hepatitis, and LPS-hepatitis has been used frequently as a hepatitis model with GalNsensitized rodents. With this model of hepatitis, we found that traditional beverages could suppress the LPS+GalN-induced hepatitis in rats. [6] [7] [8] A recent report has demonstrated that the depletion of hepatic glutathione led to protection against certain types of hepatitis, including LPS+GalN-and TNF-a+GalN-induced hepatitis. 9) This provides a possibility that LPS-induced hepatitis may be regulated by dietary proteins, since the hepatic glutathione concentration is largely in‰uenced by the dietary supply of methionine and W or cyst(e)ine, the precursor amino acids for glutathione.
In this study, therefore, we investigated the eŠects of dietary protein type on LPS-induced hepatitis in GalN-sensitized rats. For this purpose, we used milk casein and soybean protein isolate (SPI) as test proteins, because it is known that casein and SPI contain diŠerent amounts of sulfur-containing amino acids.
Lipopolysaccharide from E. coli 055 and GalN were purchased from Difco Laboratories (Detroit, MI) and Sigma-Aldrich (St. Louis, MO), respectively. Casein was purchased from Nacalai Tesque (Kyoto, Japan) and SPI (type Fujipro) was kindly supplied from Fuji Oil (Osaka, Japan). Mineral and vitamin mixtures were purchased from Oriental Yeast (Tokyo, Japan). Six-week-old male rats of the Wistar strain were purchased from Japan SLC (Hamamatsu, Japan). The rats were individually housed in hanging wire cages of stainless steel and kept in an isolated room at a controlled room temperature (23-259 C) and ambient humidity (50-60z). Lighting was maintained on a 12-h light-dark cycle (lights on from 07:00 to 19:00 h). After rats were acclimated to the facility for 2 days and given free access to a 25z casein diet as described below, they were divided into two groups: one group of 14 rats were given free access to the 25z casein diet continuously, and the other group of 14 rats were given free access to a 25z SPI diet. The composition of casein and SPI diets was as follows (g W 100 g): casein or SPI, 25; corn starch, 43.25; sucrose, 20; mineral mixture (AIN-76), 3.5; vitamin mixture, 1; choline bitartrate, 0.25; and cellulose 2. Since the casein and SPI used contained proteins at levels of 86.5 and 86 g W 100 g of wet weight, respectively, as measured by the Kjeldahl procedure, casein and SPI was introduced to the diet at an equal level conveniently. After being fed the two experimental diets for 10 days, 8 rats of each group were intraperitoneally injected with LPS Blood plasma was separated from heparinized whole blood by centrifuging at 2000×g for 20 min at 49 C. The whole liver was quickly removed, rinsed in ice-cold saline, blotted onˆlter paper, divided into two portions, weighed, freeze-clamped in liquid nitrogen, and stored at "809 C until analyses for glutathione and enzyme activities were done. The activities of alanine aminotransferase (ALT, EC 2.6.1.2) and aspartate aminotransferase (AST, EC 2.6.1.1), the marker enzymes for hepatitis, were measured with a kit (Transaminase C II-Test; Wako Pure Chemical, Osaka, Japan). Since the magnitude of hepatitis was evaluated by plasma ALT and AST activities, the acivities of these enzymes in the liver of normal rats were also measured to assess the hepatic pool size of these enzymes. In brief, the frozen liver was thawed in ice-cold 25 mM phosphate buŠer (pH 7.4) containing 0.25 M sucrose and homogenized with a Potter-Elvehjem homogenizer. The homogenate was diluted with the homogenizing solution and the enzyme activity was measured with the kit. The enzyme activity is expressed as nmol W min W ml of plasma or mmol W min W g of liver or whole liver at 259 C. For the measurement of hepatic glutathione, the frozen liver was homogenized in 4 volumes (vol W wt) of 5z perchloric acid and a portion of the homogenate was centrifuged at 5000×g for 10 min at 49 C. The resultant supernatants were assayed for glutathione, reduced form, according to the method of Ellman.
10)
Each data value is expressed as mean±SEM. Student's t-test was used to examine the signiˆcance between the two experimental groups. In some cases where values of four groups were compared, data were analyzed by a one-way analysis of variance, and the diŠerence between mean values was tested at pº0.05 using Duncan's multiple range test. 11) The body weight gain of rats was not diŠerent between the casein and SPI groups and the food intake was signiˆcantly higher in the SPI group than in the casein group (Table 1) . The relative liver weight was signiˆcantly lower in SPI-fed rats than in casein-fed rats irrespective of the injection either of saline or LPS+GalN. The plasma ALT and AST activities in saline-injected normal rats were not diŠerent between the two groups ( Table 2 ). The LPS+GalN-induced increase of plasma ALT and AST activities 8 h after the injection of drugs were signiˆcantly lower in the SPI group than in the casein group; the ALT and AST activities in the SPI group were suppressed to about 1 W 4 and 1 W 5 of the values in the casein group, respectively. Both ALT and AST activities in the liver of normal rats were signiˆcantly lower in SPI-fed rats than in casein-fed rats; ALT and AST activities in SPI-fed rats were decreased to about 2 W 3 and 3 W 4 of the values in casein-fed rats, respectively, when the enzyme activity was expressed per whole liver. The hepatic glutathione concentration in normal rats was signiˆcantly lower in the SPI group than in the casein group (Fig. 1) . In contrast, the glutathione concentration 8 h after the injection of LPS+GalN was signiˆcantly higher in the SPI group than in the casein group; the drugs decreased the concentration of hepatic glutathione in casein-fed rats and conversely increased the glutathione concentration in SPI-fed rats.
The results of this study clearly demonstrated that a SPI diet as compared with a casein diet signiˆcantly suppressed the LPS+GalN-induced increase of plasma ALT and AST activities. Althogh plasma transaminase activities are thought to be reliable markers for hepatitis, the results must be carefully interpreted when liver transaminase activities are also in‰uenced by experimental treatments. In this study, the SPI diet as compared with a casein diet was found to decrease hepatic ALT and AST activities in normal rats. However, this might not be the major cause of the suppression of LPS+GalN-induced elevation of plasma ALT and AST activities in SPI-fed rats, since the magnitude of suppression of plasma ALT and AST activities was obviously greater than that of the decrease in liver ALT and AST activities in SPI-fed rats. In fact, the proportion of plasma ALT released from the liver accompanying hepatitis was 9.1 and 3.7z for casein-fed and SPI-fed groups, respectively, when calculated using the value of blood volume (4z of body weight) and data presented in Table 2 , although all of the plasma ALT and AST are not derived from the liver. Similarly, the proportion of AST released from the liver was 4.7 and 1.3z for the casein and SPI groups, respectively. These estimates strongly suggest that the LPS+GalN-induced necrosis of hepatocytes following hepatitis was actually suppressed in SPI-fed rats as compared with casein-fed rats.
It has been generally considered that higher levels of hepatic glutathione are favorable to protect against various types of liver injury, since glutathione is the major antioxidant and as a conjugation substrate of xenobiotics in the liver. On the contrary, several recent reports have shown that the depletion of hepatic glutathione protects animals from certain types of liver injury, including LPS+GalN-induced hepatitis, rather than aggravates liver injury. 9, 12, 13) In LPS+GalN-induced hepatitis, a low glutathione concentration is assumed to inhibit the activation of the TNF-receptor, thereby suppressing death receptor-mediated signaling in the hepatocytes. 9 ) Thesê ndings were obtained using glutathione-depleting agents. On the other hand, it is conˆrmed that the hepatic glutathione concentration re‰ects nutritional conditions, especially dietary levels of sulfur-containing amino acids. Since the content of methionine+ cystine in soybean protein is relatively low, feeding soybean protein results in lower concentrations of sulfur-containing amino acid metabolites, such as glutanthione 14) and taurine, 15) in the liver of rats. Also in this study, the hepatic glutathione concentration of normal rats was lower in the SPI group than in the casein group. Hence, the results support that suppression of LPS+GalN-induced hepatitis in SPI-fed rats may be attributable, at least in part, to the low concentration of hepatic glutathione. On the other hand, the interestingˆnding of this study is that injection of LPS+GalN increased the hepatic glutathione concentration in SPI-fed rats while it decreased the glutathione concentration in casein-fed rats. These opposite responses are considered to be associated with the diŠerent magnitude of hepatitis between SPI and casein groups, although it is currently unclear whether this phenomenon is the cause or merely the result of hepatitis. Further studies are now in progress.
